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Description 



[DRIVING CIRCUIT OF CURRENT-DRIVEN 
ACTIVE IVIATRIX ORGANIC LIGHT 
ElVIITTING DIODE PIXEL AND DRIVING 

IVIETHOD THEREOF] 

Cross Reference to Related Applications 

[0001] jhis application claims the priority benefit of Taiwan ap- 
plication serial no. 92105318, filed on March 12, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] Jhis invention relates in general to a driving circuit of an 

active matrix organic light emitting diode (AMOLED) pixel, 
and more particularly, to a driving circuit of a current- 
driven active matrix organic light emitting diode pixel and 
a driving method thereof. 

[0004] Description of Related Art 

[0005] As information technology develops continuously, new 



models of various information devices, sucli as comput- 
ers, mobile phones, personal digital assistants (PDA) and 
digital cameras, keep being produced. Among these in- 
formation devices, a display always plays a very important 
part, and flat panel displays are getting more popular then 
ever because of their thin, light, compact and power sav- 
ing characteristics. 

[0006] Among the variety of flat panel displays, an AMOLED dis- 
play is very suitable for devices with a small size display, 
such as an electronic clock, a mobile phone, a PDA, or a 
digital camera, because of its wide view angle, good color 
contrast effect, fast response time, and low cost, etc. 

[0007] pjg, 1 shows schematically a pixel of a conventional volt- 
age-driven AMOLED. In Fig. 1, the AMOLED pixel com- 
prises a switching thin film transistor 110, a driving thin 
film transistor 120, a capacitor 130, and an OLED 140. A 
gray scale to be displayed is determined by a voltage on a 
data line. When a voltage on the scan line is applied to a 
gate of the switching thin film transistor 110 (i.e., the 
pixel is scanned), the switching thin film transistor 110 is 
thus turned on, so that the voltage on the data line is 
transmitted to a gate of the driving thin film transistor 
120. The gate voltage Vg of the driving thin film transistor 



120 drives a current to flow through the OLED 140 to dis- 
play. However, threshold voltages and mobilities for driv- 
ing thin film transistors 120 of different pixels are differ- 
ent from each other since the manufacturing process is 
not uniform. As a result, even though the same gray scale 
voltage is provided, the currents flown through the OLEDs 
140 will be different, causing a displayed image or screen 
to be not uniform. 

[0008] Fig. 2 shows schematically a pixel of a conventional cur- 
rent-driven AMOLED. In Fig. 2, the AMOLED pixel com- 
prises a first switch 210, a second switch 220, a third 
switch 230, an OLED 240, a driving thin film transistor 
250 and a capacitor 260. In operation, the second switch 
220 and the third switch 230 are first turned on, so that a 
current provided by a current source flows through the 
driving thin film transistor 250 to charge the capacitor 
260. At this time, a gate voltage is stored in the capacitor 
260. Then, the second switch 220 and the third switch 
230 are turned off and the first switch 210 is turned on, 
so as to control the AMOLED pixel to illuminate. 

[0009] jhe gray scale of the current-driven AMOLED pixel is de- 
termined by a magnitude of the current provided by the 
current source, and therefore, the gray scale will not be 



affected by the threshold voltages and the mobilities of 
the driving thin film transistors 250 of different pixels to 
cause an unevenness of the displayed image or screen. 
However, when the current-driven AMOLED prepares to 
display a low gray scale, because the current of the cur- 
rent source is small, the pixels are easily affected by para- 
sitic resistors of the display panel and a delay effect 
caused by capacitors, so that the gate capacitor in the 
pixel cannot be charged within a predetermined scanning 
time. Therefore, a wrong gate voltage is stored to cause 
an insufficient brightness when the pixel is driven to illu- 
minate. 
Summary of Invention 

[0010] According to the foregoing description, an object of this 

invention is to provide a driving circuit of a current-driven 
AMOLED pixel and a driving method thereof, which is able 
to pre-charge the capacitor with a driving power source 
so as to improve an insufficient brightness problem while 
displaying a low gray scale. 

[0011] According to the object(s) mentioned above, the present 

invention provides a driving circuit of a current-driven ac- 
tive matrix organic light emitting diode (AMOLED) pixel. 
The driving circuit comprises an AMOLED pixel and a pre- 



charge switch. The AMOLED pixel is connected to a cur- 
rent source, and the current source is used to charge/ 
discharge a capacitor that is connected to a gate of a driv- 
ing thin film transistor. A gray scale of the AMOLED pixel 
is determined by a magnitude of a current provided by the 
current source. The pre-charge switch is connected to the 
gate of the driving thin film transistor and a driving power 
source, and is used for controlling the driving power 
source to pre-charge the capacitor before the current 
source charges/discharges the capacitor. 
[0012] According to one embodiment of the present invention, 

the driving thin film transistor can be an N-type thin film 
transistor, and the AMOLED pixel can further comprise: an 
organic light emitting diode (OLED), having an anode and 
a cathode, wherein the anode is connected to a positive 
power source; a first switch, with one end connected to 
the cathode of the OLED and another end connected to a 
drain of the driving thin film transistor; a second switch, 
with one end connected to the current source and another 
end connected to the drain of the driving thin film tran- 
sistor; and a third switch, with one end connected to the 
drain of the driving thin film transistor and another end 
connected to the gate of the driving thin film transistor 



and one end of the capacitor, and wherein the other end 
of the capacitor is connected to a negative power source. 
[0013] According to another embodiment of the present inven- 
tion, the driving thin film transistor can be a P-type thin 
film transistor, and the AMOLED pixel can further com- 
prise: an organic light emitting diode (OLED), having an 
anode and a cathode, wherein the anode is connected to a 
negative power source; a first switch, with one end con- 
nected to the anode of the OLED and another end con- 
nected to a drain of the driving thin film transistor; a sec- 
ond switch, with one end connected to the current source 
and another end connected to the drain of the driving thin 
film transistor; and a third switch, with one end connected 
to the drain of the driving thin film transistor and another 
end connected to the gate of the driving thin film transis- 
tor and one end of the capacitor, and wherein the other 
end of the capacitor is connected to a positive power 
source. 

[0014] In the aforementioned driving circuit, the first, the second, 

the third switches and the pre-charge switch can be N- 
type or P-type thin film transistors. In addition, the driv- 
ing power source can use the above positive or negative 
power source. Alternatively, the driving power source can 



be also a driving power source capable of pre-charging 
the capacitor to a voltage that is close to a threshold volt- 
age of the thin film transistor. 

[0015] Furthermore, in order to improve the threshold voltage of 

the driving thin film transistor drifting with the operation 
time, a driving power source with different voltages can 
be used. Namely, a positive voltage level, which can pre- 
charge the capacitor to a voltage close to the threshold 
voltage of the driving thin film transistor, is used during 
the pre-charge stage. Alternatively, a negative voltage 
level, which is opposite to the pre-charge polarity, is used 
during other than the pre-charge stage, so as to eject 
charges trapped within a gate insulating layer of the driv- 
ing thin film transistor. 

[0016] jhe present invention further provides a method for driv- 
ing a current-driven active matrix organic light emitting 
diode (AMOLED) pixel, wherein an AMOLED pixel is con- 
nected to a current source and a driving power source for 
charging/discharging a capacitor connected to a gate of a 
driving thin film transistor of the AMOLED pixel. The 
method comprises steps of: pre-charging the capacitor by 
using the driving power source; adjusting a gray-scale 
charging voltage of the capacitor by using the current 



source; and stopping charging/discharging the capacitor 
tlirougli tlie current source to control tlie AlVIOLED pixel to 
enter an illumination stage. 

[0017] In the above driving method, the capacitor can be pre- 

charged to a voltage that is close to a threshold voltage of 
the thin film transistor. Alternatively, a driving power 
source with two different voltage levels can be used. 

[0018] As descried above, according to the method and the driv- 
ing circuit for driving the current-driven active matrix or- 
ganic light emitting diode (AMOLED) pixel, the driving 
power source is used to pre-charge the capacitor before 
the current source charges/discharges the capacitor, so as 
to solve an insufficient brightness problem of displaying a 
low gray, which is caused by delay effects due to exis- 
tence of parasitic capacitors, resistors, etc. 
Brief Description of Drawings 

[0019] While the specification concludes with claims particularly 

pointing out and distinctly claiming the subject matter 
which is regarded as the invention, the objects and fea- 
tures of the invention and further objects, features and 
advantages thereof will be better understood from the 
following description taken in connection with the accom- 
panying drawings. 



[0020] Fig. 1 shows schematically a pixel of a conventional volt- 
age-driven AMOLED. 

[0021] Fig. 2 shows schematically a pixel of a conventional cur- 
rent-driven AMOLED. 

[0022] Fig. 3 shows an exemplary driving circuit diagram of a 

current-driven AMOLED pixel according to the first em- 
bodiment of the present invention. 

[0023] Fig. 4 is a driving circuit diagram of the current-driven 

AMOLED pixel of Fig. 3, in which N-type thin film transis- 
tors are used as the switches. 

[0024] Fig. 5 is a timing diagram of control signals of switches in 

Fig. 4. 

[0025] Fig. 6 shows an exemplary driving circuit diagram of a 

current-driven AMOLED pixel according to the second 
embodiment of the present invention. 

[0026] Fig. 7 is a driving circuit diagram of the current-driven 

AMOLED pixel of Fig. 6, in which P-type thin film transis- 
tors are used as the switches. 

[0027] Fig. 8 is an exemplary waveform of the driving power 

source Vt in Fig. 3. 
Detailed Description 



[0028] Fig. 3 shows an exemplary driving circuit of a current- 
driven AMOLED pixel according to the first embodiment of 



the present invention. In Fig. 3, in addition to tlie ele- 
ments of the driving circuit shown in Fig. 2, the driving 
circuit of the present invention further comprises a driving 
power source Vt and a pre-charge switch 270. 

[0029] jhe operation of the driving circuit of the first embodi- 
ment is described as follows. The pre-charge switch 270 
is first turned on, so that the driving power source Vt pre- 
charges the capacitor 260 to a pre-charge voltage level 
before the current source is able to charge/discharge the 
capacitor 260. Preferably, the pre-charge voltage level is 
close to a level of the threshold voltage of the driving thin 
film transistor 250. In this way, when the current source 
charges/discharges the capacitor 260, a voltage across 
the capacitor 260 can be fast stabilized to a driving volt- 
age level corresponding to a gray-scale current of the 
current source. If the number of wires and power sources 
of the driving circuit are required to be reduced, a positive 
power source Vdd of the driving circuit can be used as the 
driving power source Vt to pre-charge the capacitor 260 
to the pre-charge voltage level. 

[0030] After the pre-charge a driving voltage adjustment stage is 

proceeded. At this time, the pre-charge switch 270 is 
turned off, and the second switch 220 and the third 



switch 230 are turned on, so that the voltage across the 
capacitor 260 can be fast adjusted to a driving voltage 
level corresponding to a gray scale current of the current 
source. Namely, when the voltage across the capacitor 
260 is higher than the driving voltage level corresponding 
to the gray scale current of the current source, the capaci- 
tor 260 is discharged down to the corresponding driving 
voltage level. When the voltage across the capacitor 260 is 
lower than the driving voltage level corresponding to the 
gray scale current of the current source, the capacitor 260 
is charged up to the required driving voltage level. 
[0031] Then the driving circuit proceeds to an illumination stage. 

At this time, the second switch 220 and the third switch 
230 are turned off, and the first switch 210 is turned on. 
Therefore, a current, which flows through the OLED 240 
and the drain and the source of the driving thin film tran- 
sistor 250, will be equal to the gray scale current of the 
current source due to the driving of the voltage across the 
capacitor 260. 

[0032] The first switch 210, the second switch 220, the third 

switch 230 and the pre-charge switch 270 can be an N- 
type or a P-type thin film transistor. Fig. 4 shows the driv- 
ing circuit of the AMOLED pixel in which N-type thin film 



transistors are used as the switches 210, 220, 230 and 
270. Fig. 5 is a timing diagram of control signals of the 
switches. Although a driving circuit of the AMOLED pixel 
in which P-type thin film transistors are used as the 
switches is not shown, the skilled person can still under- 
stand easily its structure and operation process by refer- 
ring to Figs. 4 and 5. 
[0033] Fig. 6 shows an exemplary driving circuit of a current- 
driven AMOLED pixel according to the second embodi- 
ment of the present invention. In Fig. 6, in addition to a P- 
type thin film transistor being used to make a driving thin 
film transistor 650 of the driving circuit of the AMOLED 
pixel 690, the driving circuit comprises a pre-charge 
switch 670 connected to a driving power source Vt. The 
driving circuit further comprises a capacitor 660, an OLED 
640, a first switch 610, a second switch 620 and a third 
switch 630. The OLED 640 has an anode and a cathode, 
wherein the cathode is connected to a negative power 
source Vss. One end of the first switch 610 is connected 
to the anode of the OLED 640, and another end of the first 
switch 610 is connected to the drain of the driving thin 
film transistor 650. One end of the second switch 620 is 
connected to a current source and another end of the sec- 



ond switch 620 is connected to tlie drain of tlie driving 
tiiin film transistor 650. On end of tlie third switch 630 is 
connected to the drain of the driving thin film transistor 
650 and another end of the third switch 630 is connected 
to the gate of the driving thin film transistor 650 and one 
end of the capacitor 660. The other end of the capacitor 
660 and the source of the driving thin film transistor 650 
are connected to a positive power source Vdd. 
[0034] jhe operation of the driving circuit of the second embodi- 
ment is descried as follows. The pre-charge switch 670 is 
first turned on, so that the driving power source Vt is able 
to pre-charge the capacitor 660 to a pre-charge voltage 
level before the current source charges/discharges the 
capacitor 660. Preferably, the pre-charge voltage level is 
close to a level of the threshold voltage of the driving thin 
film transistor 650. In this way, when the current source 
charges/discharges the capacitor 660, a voltage across 
the capacitor 660 can be fast stabilized to a driving volt- 
age level corresponding to a gray-scale current of the 
current source. If the number of wires and power sources 
of the driving circuit are required to be reduced, the neg- 
ative power source Vss of the driving circuit can be used 
as the driving power source Vt to pre-charge the capacitor 



660 to the pre-charge voltage level. 

[0035] After the pre-charge a driving voltage adjustment stage is 

proceeded. At this time, the pre-charge switch 670 is 
turned off, and the second switch 620 and the third 
switch 630 are turned on, so that the voltage across the 
capacitor 660 can be fast adjusted to a driving voltage 
level corresponding to a gray scale current of the current 
source. Namely, when the voltage across the capacitor 
660 is higher than the driving voltage level corresponding 
to the gray scale current of the current source, the capaci- 
tor 660 is discharged down to the corresponding driving 
voltage level. When the voltage across the capacitor 660 is 
lower than the driving voltage level corresponding to the 
gray scale current of the current source, the capacitor 660 
is charged up to the required driving voltage level. 

[0036] Then, the driving circuit proceeds to a illumination stage. 

At this time, the second switch 620 and the third switch 
630 are turned off, and the first switch 610 is turned on. 
Therefore, a current, which flows through the OLED 640 
and the drain and the source of the driving thin film tran- 
sistor 650, will be equal to the gray scale current of the 
current source due to the driving of the voltage across the 
capacitor 260. 



[0037] Similarly, the first switch 610, the second switch 620, the 

third switch 630 and the pre-charge switch 670 can be a 
P-type or an N-type thin film transistor. Fig. 7 shows the 
driving circuit of the AMOLED pixel in which P-type thin 
film transistors are used as the switches 610, 620, 630 
and 670. Fig. 5 is a timing diagram of control signals of 
the switches. Although a driving circuit of the AMOLED 
pixel in which N-type thin film transistors are used as the 
switches is not shown, the skilled person can still under- 
stand easily its structure and operation process by refer- 
ring to Figs. 7 and 5. 

[0038] Furthermore, in order to improve the threshold voltage of 

the driving thin film transistor drifting with the operation 
time, a driving power source with different voltages can 
be used. Fig. 8 is an exemplary waveform of the driving 
power source Vt in Fig. 3. Referring to Fig. 8, a positive 
voltage portion of the waveform, which can pre-charge 
the capacitor to a voltage close to the threshold voltage of 
the driving thin film transistor 250, is used during the 
pre-charge stage. Alternatively, a negative voltage portion 
of the waveform, which is opposite to the pre-charge po- 
larity, is used during other than the pre-charge stage, so 
as to eject charges trapped within a gate insulating layer 



of the driving tiiin film transistor 250. 

[0039] As described above, a driving metliod of a current-driven 

AI\/IOLED can be concluded. An AMOLED pixel is connected 
to a current source and a driving power source for charg- 
ing and/or discharging a capacitor connected to a gate of 
a driving thin film transistor of the AMOLED pixel. The 
driving method comprises steps of: pre-charging the ca- 
pacitor by using the driving power source; adjusting a 
gray-scale charging voltage of the capacitor by using the 
current source; and stopping charging/discharging the 
capacitor through the current source to control the 
AMOLED pixel to enter an illumination stage. 

[0040] In the aforementioned method, the driving power source 

can pre-charge the capacitor to a voltage close to the 
threshold voltage of thin film transistor. Alternatively, a 
driving power source with two different voltages can be 
also used. 

[0041] While the present invention has been described with a 

preferred embodiment, this description is not intended to 
limit the present invention. Various modifications of the 
embodiment will be apparent to those skilled in the art. It 
is therefore contemplated that the appended claims will 
cover any such modifications or embodiments as fall 



within tlie scope of tlie present invention. 



